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(g) Fluorescent compounds. 



@ Novel compounds obtainable by reacting together an imido-reagent such as diphenylphosphonimi- 
do-triphenylphosphorane) with a chelate of a transition or lanthanide or actinide metal, such as 
tris(dibenzoylmethide) europium III, has the property of fluorescing in UV radiation. The invention 
includes solid polymer bodies containing such compounds, or chelates of transition or lanthanide or 
actinide metals generally, the bodies having the property of emitting light by vartue of internally 
generated, e.g. by tritium ionising radiation. The body is preferably of polystyrene formed by 
polymerising the monomer in the presence of the compound or metal chelate. 
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EEZ T tr*™^ and P-^ containing them, a.so form i^SSSS^StS 

a^poonds and chelates are fluorescent. In the sense that they emit light or other relatively S^witonSh 

t,0n • ° n 60,09 6Ut>,0Cted to ^ ° f 0,her ^Vhort wavelengtZecZ^nS 
221- h « m9 ' 0n,8m9 radiaUOn ftum radi0aCtive deca * 11 fe »« «» cipoiSJSh!^ 

show high efficiency of light output and good stability in the presence of fonising radiation. 

British patent specif ication 2242908 describes Initiated light emitting polymer compositions containino one 

1 TnZr n,C 'T^ ked 10 PO,ymer SOme wa * for exam P ,e as of having 7£SSSZZ 

1*1 ft T, ^ t0 P° , y ,nerisation - Th « P^ymer compositions can be made transparent or b^nstocenYw 
hat usefu. hght is ; emitted from the entire volume of the polymer. Such compositions have otheTa^anCT 

eel! dam™ IT*^ 7* **** * Pr88ent M ^ ^ and 80 * ™* r^ased by^ 

dental damage (as would for example be the case with a glass envelope containing gaseous tritium) whan 
performance falls off. the composition is easily replaced and recycled. Bousing ttoiSSSESSS? 
Vm generation of light torn radioactive decay is not as efficient aa may be desired. As ESTJJSSS 
3 ^ 10 radiati ° n damafl6 ^ the hlflh «"«•*«««■ ^ Wtium needed to genemS 
Rare earth chelates having the propertyof fluorescing in UV radiation are well known. A. P. B. Sinha (Spec- 
froscopy in Inorganic Chemislry edited by C. N. R. Rao and John R. Ferraro. Vol. 2. Academic Seat 197^ 
History of Congress Catalogue No. 77-117102) describes several classes of rare earth chutes ^Tvariols 

Z£ r 1? Wentate " 9andS - ThS meCnanl8m ° f ' *• is also described. The Zstop , ft££ 

he absorption of energy by the organic part of the chelate leading to its excitation from a ground state sSitet 
to an exdted singlet The excited molecule can then go over to a triplet state in which energy «n^B ^^ 

HZT^r Wth meta ' i0n - The exdted metal ion can th0 " und «t>° « radiative transL, resulting in^he 
charactenstic line emission of the ion (ion fluorescence). All these steps take place in competition with in* 
non-radiative steps. For efficient fluorescence, it is necessary that the transition metal ton haTa Tonart 
frequency which is close to. but slightly lower than, the excited triplet frequency of the chelating group This 
ensures that the probability of triplet-to-resonance level transition is high. Other complexes of GrSp ISmetals 
frhT ™ T ,anthanlde 0,6,3,8 wlth cornplexlng agents have been described by G. Kalllstratos 

inS TEIST, ' N T, S ! ne8 ' 249 - 266 ' 1982 >- For °*™**> th « reference describes the Eu 3+, Tb Z 
ana u 3+ complexes of diphenyl-phosphonimido-triphenyl-phosphoran 

and !n 0 °Z n aSPe f th '' 8 * ao " d ***** comprising an organic polymer or a mixture of organic 

and .norgamc polymer, together with a chelate of a transition or lanthanide or actinide metal, the body having 

, y flZZ 9 J* M by ^ ° f interna " y Operated ionising radiation. Preferably the polymer is ra- 
dioactrvely labelled so that the radioactive decay provides the ionising radiation 

The metal chelate may be the same as or similar to the known classes of metal chelate referred to above 
However, it needs to have a number of special properties not always possessed by the known fluoresces 

- It needs ; tobeisapableoffluorescingundertheimpactof UVorother electromagnetic radiation, not only 
in pure form but also in dispersion or solution in an organic monomer or polymer. 

" " * p ™5J , 1 | r so,ub, ° in the "wnomer or monomer mix used to form the polymer body. A solubility of 
at least 10% by weight is generally preferred. The metal chelate should preferably remain soluble as the 
monomer polymerises. 

- The presence of the metal chelate should preferably not inhibit polymerisation of the monomer to a trans- 
parent wholly or substantially colourless polymer. 

«r tiHl?! Pf T ,t "T 8 8Cinmant h38 norma "y regaled as consisting of a solvent plus one. two 
J !f Wlth f ' UOr08C8nCe level in ana W te Primary solute or scin- 

VI* 3e0 ° nd tWrd are known and act 33 wavelength shifters. The scintillation process 

has thus been seen as involving the following steps: absorption of nuclear radiation by the solvent with the 
formation of a solvent excited state; energy transfer from the solvent to a primary scintillant followed by f luor- 
^"^ e ™ 88i ° n: a^fon and re-emission by secondary and possibly tertiary scintillants to shift the final 
emitted light to the desired wave-length. 

It has surprisingly been discovered that the chelates of the transition metals particularly those of the rare 
earths can act as primary scintillants, such that the nuclear radiation energy adsorbed by the advent (polymer) 

ntS 0,16,816 " 0,19,8188 8nd 0nly emitted at tne final deaired wavelength, this process being 

achraved without the use of secondary or tertiary scintillants or wave-shif tore. These chelates have thus mini- 
mised energy losses and give rise to more efficient light output The metal chelates often have very narrow 
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the Jl P i2S'ii n l! ST 10,1 HaV j n0 a " Unf i,l8d innar olectron shel1 ' that » to *«y almost any transition or lan- 
than.de or actm.de metal .on, can be used as the basis of the fluorescent chelate. In practice a metal ion ZSL 
a convenient emission frequency, and a convenient resonant frequency, and an SS£S£J2 

£ 3 rL. r^T? ? osen - The mo>t usuai ~ the ,amhan,de ^ ^ sm 3r EU T?b 3 + 

Yb3+ ) Lu3+,Gd2+,Eu2+.andtheacttnldemetallon8U3+andU0 2 3+ ' 
t h a n T ,h e a C ! ielatin9 » 0r ""P 16 *'" 9 a^P 8 are ch °aen to have a triplet energy level similar to but slightly higher 
than the resonant energy level of the chosen metal ion. Known chelates, including those described in the 

moieties. A preferred chelating group has the formula 



>-• 

r - cr 
/ C ~° 

R 

^JTZ *' "! th8 S3me W dlfferent at dlfferent P^ta <* the molecule and each R" and R* is an ar- 
oT ^lEESt 9 Z™*2 "** ^ bS 8UbStltUted " hydrocamon or fluorocarbon or R- ., hZ 
EJ£I522i?S Mn ^ us aatomodifythe triplet energy and may affect light emission. R" can also be 
made co-polym en sable with a monomer, e.g. styrene. 

In the compound described in Example a) below. R' is t-butyl and R" is hydrogen. Metal chelates may have 
up to four, typically three, of such groups surrounding the metal ion. «. cne.atea may have 

Examples of metal chelates useful in this invention are:- 

SLIn-r 1 < 3 ;> t^P^toy^athide),. otherwise known as terbium Ws(2.2.6.6-tetramethyl-3.5- 
heptanedionato) chelate, commercially available from Strem Chemicals 

b) The dl- and trl-pyrazolyl borate and the dl- and M-pyrazolyl-N-oxIde borate adducts of a) 

c) Europium (3+) (2-naphthyl trif luoroacetyl acetonatefc 

Sn^ 

e) The dipyridyl and dipyridyl-N-oxide adducts of c) and d). 

J**"? * nOV t el COm P ound3 derived fro"" metal chelates as in a) to e) above has shown interesting flu- 
orescent properties and is included within the scope of the invention 

forZT ^ " COmpOUnd that ***** *™ "»actlng together an hnldo-reactant of 

R 
I 

O - Q - N - Z 
I 

R 

where Q may the same or different at different parts of the molecule and is P, As or Sb 
^rTnl^^ th< L 8 T e ° r diff6rent 81 different parts of the mo,ec,Ad and aach R is an aromatic or het- 
3ct po?mSle grout ^ * un8ubatitutod - one group R may alternatively 

atoms) 8 ^ 2 ^ 8ither " a " ^'S^hoaphoranyl group (an organophosphoranyl group with two or more P 

artyofZr^^ 

These compounds are expected to have the formula 

(Xn - M - O - QR 2 - ^pZorX,, - M( - O- QR 2 - N = Z). 
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whore M to the transition or lanthanide or actiniae metal ion, such as those described above, 
X is a chelating group, 
n is 1 to 4. 
p is 1 to 4, and 
6 3 is 1 to 4 preferably 1 or 2. 

p J*" 8trU ! tlJre8, Q may b9SborAswP ' the, atter being preferred. At least four of the five groups 

R should be of aromatic or heterocyclic character, the following being examples: phenyl; p-tolyl; 2.4-dlmethyl- 
phenyl; p-tert.ary butyl phenyl; 1-naphthyl; 2-naphthyl; 4-pyridyl; 4-quinoiyl. 
Z may be an oligophosphoranyl group, e.g. of the formula: 

10 j Ar,- P-[(Alk-P-Ar) m - Alk- P-Arj, 

where Ar is aryl preferably phenyl, 

Alk is alkene preferably -C 2 H 4 -, 

1, m and q are small integers such that 1 + q is 3, 
these compounds being of the kind commercially available as:- 
15 Dlphos - PhzPCahUPPhj. 

Triphos - Ph 2 PC 2 H 4 P(Ph)C 2 H 4 PPh 2 . 

Tetraphos I - Ph 2 PC 2 H 4 P(Ph)C 2 H4PPhC 2 H4PPh 2 . 

Tetraphos II - P(CJH 4 PPh^h. 

(See JACS 93:17 August 25 1971; 4158-4166). For example, a compound according to the invention based 
20 on Diphos would have the formula: 

X„ - M - O - P(Ph)2 - N = P(Ph)j - CjH, - PfPhfc = N - P(Ph) 2 - O - M - X- 
where Ph is phenyl. 



26 



Alternatively, one of the groups R may be a co-polymerisable group, that is to say a group capable of joining 
in a polymerisation reaction with a monomer with which the compound is mixed. Examples are carboxylic and 
su phonic acid groups, and et hylenically unsaturated hydrocarbon groups such as ally) and p-styryl. A preferred 
imido reagent has the formula ' 
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Ph Ph 

I I 
O-P-N-P-Ph 

I I 
Ph Ph 

where Ph is phenyl. 

Preparation of the compounds of this invention Is straightforward. Transition metal chelates such as those 
described by A. P. B. Sinha (reference above) are well known. Some are commercially available. General meth- 
ods of preparation are described by Reid and Calvin (Journal of the American Chemical Society. 72 (1950) 
2948-2952). Imido reagents are known materials (see the Kallistratos reference above) whose preparation is 
described by R. A. Baldwin and R, M. Washburn (Journal of the American Chemical Society, 83. pages 4466- 
4467. 1961) and M. J. P. Harder and S.Wesdako (Tetrahedron. 38, No. 10. pages 1511-1515. 1982). To prepare 
compounds according to the present invention, the chosen metal chelate and the chosen imido-reactant may 
be heated together In molar quantities defined by the formulae above at a melting temperature of 200«C for 
one hour. More preferably, appropriate molar quantities of the two reactants are heated together In a ref luxlng 
organic solvent The inventors have found trimethylpentane when s is 1 and toluene when s is 2 to be conve- 
nient If the starting metal chelate is insoluble, progress of the reaction can be monitored by noting that the 
refluxing solution clears. On cooling, the desired product crystallises out in easily recoverable form. 

This aspect of the invention is not restricted to compounds prepared by this route, and other preparative 
methods are possible. For example, one molar part of a complex of the metal ion with the imido-reactant may 
be heated with generally 2-4 molar parte of the chelating moiety so as to form the desired compound. 

The compounds, individually, have the property of fluorescing, In the visible or Infra-red region depending 
on the metal Ion chosen, when subjected to UV or other energetic radiation. This property may be exploited 
in various ways. For example, the compound may be applied as a coating on a glass vessel or on glass beads, 
and these may be maintained in the presence of a radioactive gas such as tritium or xenon- 133 or krypton- 
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Pdi™» IM«»th MOim «. wall i™™. M.mctmM, prepared to lattflino « p™™. 
sum) va ue of 0.04 is quoted for rradtabon of polymethylstyrene and a G. (cross-Jinkinalvalufi of n rwMZl 

The extent of tritium labelling is a compromise between several factors. By incomoratino 2 atom* «r «riK. m 
per monomer molecule, it is possible to achieve activities of 600 Ci/ 0 . Such rZo^^Ly b^lSwZ 

atton step, to achieve the overall specific radioactivity required. ActivWes below about 100mcT«»^^ 

SESSESI^^^ matori f* * bS to us * «» »**«■"» required 

acnieve the cleared light output All polymers labelled with radioisotopes including oolvstvren* «.rfWf™, 

Sriy ^n an ^ fl ™ m IfS .'"'"I!:" 8 toanaCti ^ of,rom25 nanoc^ri^gmmTlOO Cifg, pa" 
*™Z S.3r^^^ »™ ^ carnpo » itkln ta appropriate in many cases, with activities 

™^T? ran9e Where 8 3ervice l«e of more than five years is required. 

^S^c ^H*"™ m ° n0mere ^ 60 made «>y the catalytic partial reduction by tritium of substituted 
acetylenes. For the purpose of this Invention, reduction Is carried out with triWhydrooen or MUwnSwtaVS 
mixture, up to 1 00 per cent isotonic abundance of tritium a. required, preferably 
or palladium catalyst or other suitable hydrogenatton catalystThe catalyst chosen aZ^Tcor^n 

abTe^SuS ZZ^^^T^ f° n any n****™ »»«. tritiated monomer. It is also prefor- 
M*r„ n *T Wtia ^ monomer *»h nonradioactive monomers) which have been purified either by dia- 

Z l Z^T^V^ 9 ^ 0 ° ,Umn ° f a,Umina " —«c monomers whicn are tritium LbeS 
on the aromatic ring are also known and may be used. 

hi« .Im ^?° 8 ? trat,0n * ,h6 meW 8houkl 09 8nou 9 n to efficiently convert the beta-radiation Into vlsi- 

ZTl^ZT** 38 10 ' nhibtt ^^^n <* ^e monomer mix or to substantially Lm he^pre^ 
Z!£ Wh " e ! >Ptimum concentraao " 8 «V vary depending on the nature ofthiXL7E^£3 

i ™Zo^Z»V?'T n °L the 9C,nUI,ant 8uitaWa concentrations are Hkely to l^nXren^eTw 
^SSSiSSSSi ^ "V*!?* 1 Mant P*"* 0 * P0,vmer ' ^ concontration of sclnbZs are 
!SK ^ tMJt 100 hifl " a c °««»n*™«on will result in self-absorption of the light and 

SSSTi ^cST" * nuofesence °™ by G - Kea in »** 

as dfs^'^IT" 1 ^ * lndUded <^ ™>nomer mix and may be beneficial In Increasing light output. 

tZ^h^ Wlth 8 Viny1 aromatlc 8y8tem - «P to 50 gn of divinylbenzene may be usSuL 

one ^™flT^ n9 P ° hffner com P° 8itton8 may be made by providing a reaction mix comprising at least 
one polymensable organs monomer, preferably a vinyl-aromatic hydrocarbon, labelled with WtiurrTand at least 
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- Production of electricity by combination with photocells 

" !n " q ^ nM,ati v n Com P° 8itiora as «*■ « l-l*™". e.g. for liquid scintillation beta measurements 

- Light sources for signs, gun-sights, markers on instruments 

" ^T? M , 9 ! Urce8 °" airfie,d8 and ot "*9ituations where remote lighting may be required (see also G 
Fo.d,ak ,n Industrial Application of Radioisotopes. Pub. Bsevier 19%, p386 lEfSl K^S* 
^P pl M^r^ Scintilation^ounter Calorimeter,. V EetadJ* Kalba^A 
RsfJZ^ t^Tf*" 0 ° ^"^ N"dear Instruments and MethnH. 155, 389-398 
Reference s directed to the accompanying drawings in which: 1 ' 

' T^ 1 Jf a8fr ^ re ' 0btelnedbyX - ra y CT ^ tell °9 ra Phy.<rfthe(X)mpour^ 
heptanedtonatOterbhim Hl-dlphenyl-phoephonlmldo-ttpheny. prK«,pno™i M ' 

^m^ce^oTa 9raPh8 ° f ^ ° UtPUt a98in8t Ph06Ph0f a < different polymer tri- 

; Sure J is s S2 2 !£* inton8ity aflain8t wave,e "9 th for dif ^ent light emitting sources. 

Figure 5 is a graph of power output against radioactive concentration. 
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EXAMPLE 1 
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JtoS ^hntST £ i -^P^^^terbium III* (2) was purchased from Strem Chemicals Inc. 
o^St S^ tr,Phenyl Phosphorane (3) was prepared by a method given in the references 
SSSXfSi E? ? a h hin 5 f t l0rid0 (68 9) 8nd SOdium (3 ° «> *°"> **red in dried ~ 

24.1 g (100 mM of the diphenylphosphinic azide was dissolved in dry diethyl ether (50 ml) to vield 70 ml 

The precipitated material was filtered off, washed with a) ether, b) dilute ammonia solution f1 0 ml of ?m 
ammonia diluted to 100 ml) and c) water is * inn mi\ „„h mL^, ' " nia 8CHUUOn lio mi of 2N 

36.31g (76% of theory) of (3) ( * tem P eranjre ™<*»™ *> *™ 

reflux un^«S^t! ed mM * (3) in 8 *** of 5 ml P 8 "*"*. "d mixture heated to 

™, ?, dear sohihon was obtained (about 1 hour). The solution was allowed to cool yielding (AUP-1 ? as 
a crystalline solid in nearly quantitative yield. y 9 ( 1 ' 88 

FlouilT^' ^ ra r hi !! Xaminatton ° f S,nflle "y 8 * 818 of the P^"^ 9ave rise to the structure shown in 
Figure 1. Thermal analysis by differential scanning calorimeter gave a melting point of 169.8-C. 

EXAMPLE 2 



Light emitti ng polymer preparation using (1) 
45 Reduction <* Intermediate to yield diluted tritlated monomer 

m£2£. eZITi 1 ™?^^ With 60 ^ WUum A 88 «*• P— « of Pdc catalyst - 

ZZ teZ^^ J'^^° n tQ dryneSS vacuum) then styrene (10 mJ wlthoutVhe 

> L 8,0,19 Wrth a noetic 8 *rer. The phenyiacetylene was quantitatively reduced to 
touted stymne^thout there being any significant further reduction of the styrene to etr^beSenV 

^?Wmr3 ! P 0 !^* 18800 " inhibitor - The tritlated styrene was removed from the catalyst, polymerisation 

ZuZ LJaT? itl^T? * VaCUUm di8t,,l8ti0n 8nd th8 ««™ «ritiated stZe^dedas 

required to (ALP-1) undiluted or d luted to give a final solution of (ALP-1) in the tritiatad monomer. 

56 Polymerisation to yield L.E.P. 

grarrt Mrlmill^T^ 0 " €- U!" <AZBN) added to a fin8 ' -"""l* concentration of 0.1 milli- 
grams permillilrtre. The solubon was then flushed with argon/methane to minimise oxygen content which tends 
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to quench light emission, end the container was sealed and the solution polymerised at 60°C for 16 hours 

■>J h t • PO JT n T W f a ' IOWed to 0001 to room t«"Peratu« «o yiald a virtually colourless high clarity polymer 
with a bright yellow/green (545 nanometers) light emission. 

A considerable increase in light output was observed as the monomer polymerised to completion. 
Polymer shaping and applying reflective coatings 

The product may then be further shaped as it is a thermoplastic to emit its light optimally in one plane and 
further efficiency of emission may be obtained by applying a reflective metal coating to parts of the shaped 
product For the tests described below, the body was formed in the shape of a chord of a cylinder with the 
curved surface and the ends made internally reflecting by being coated with aluminium metal. 

Figure 2 is a graph of power output (expressed in nW/Ci) against phosphor concentration at a fixed polymer 
tritium concentration of 6.06 Ci/g. The upper curve of the graph was obtained in an experiment in which the 
light emitting body was "silvered" and optically linked to a photodiode. The lower graph was obtained in an ex- 
's periment In which these steps were omitted. 

Figure 3 is a corresponding graph, in which the polymer tritium concentration was 0.606 Ci/g. 
Figure 4 is a graph of emitted light intensity against wavelength for compositions having a polymer tritium 
concentration of 6.06 Ci/g and various phosphor concentrations. Curves 1. 2. 3 and 4 were obtained with dif- 
ferent concentrations of phosphor. Curves 5. 6 and 7 are included for comparison, and were obtained using a 
commercially obtainable source containing tritium gas in a glass vessel coated with zinc sulphide scintillanL 
The fluorescent emission of the phosphor of this invention is strikingly monochromatic at 545 nm and the peak 
intensity at this wavelength Is much higher than obtainable from the commercially available sources. 

EXAMPLE 3 

Preparation of Europiu m (3*) tetra (naphthalene trifluoroacotyiacotonato) bipyridyl (Eu(NTFA), bipyr) 

Naphthalene trifluoroacetylacetonate (ex Lambda Probes & Diagnostics (Austria). 4.7 millimoles (1.25 
grams) were dissolved in ethanol (10 ml) and Europium trichloride (1.04 millimoles. 1.04 grams) dissolved in 
ethanol (5 ml) was added. The combined solutions were heated at 65 C C for 30 minutes. 

Bipyridyl (2 millimoles. 352 milligrams) dissolved in ethanol (5 ml) was then added and the solution main- 
tained at 65"C for 30 minutes. 

The total volume was then reduced to 10 mllilitrea, neutralised with sodium hydroxide solution and stored 
overnight at +2°C. 

The resultant precipitate was filtered off, washed with ethanoliwater (7:3) (5 ml) and dried at 100°C under 
vacuum. 

EXAMPLE 4 
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40 Terbium (3+) (2,2,6,6-tetramethyl-3,5-heptanedionato) chelate was purchased from Strom Chemicals. 
Methods of preparing the pyrazolyl borates are described by E. Trofimenko J.A.C.S. 89: 13/ June 21 1967. 
The tri-pyrazolyl borate adduct was prepared by heating stoichiometric amounts of the chelate and the pyrazolyl 
borate in acetone to dissolution, driving off the acetone and melting the residue to a clear melt at minimum 
temperature. After cooling, the solid was crushed to a powder and any residual solvent pumped off under va- 

45 cuum at room temperature. 



EXAMPLE 5 



Formulations using lanthanide chelates to produce a light emitting polymer emitting at 614 or 548 mu 

Phenylacetylene (3 mmoles. 290 »J) dissolved in styrene - d e (5 ml) were added to the dried homogeneous 
Pdc catalyst obtained from 4 ml of catalyst solution (Brunet + Caubert J. Org. Chem.. 1984, 49, 4058-4060). 

The above solution was stirred with 200 curies tritium gas. The phenylacetylene is quantitatively reduced 
to tritJated styrene without there being any significant further reduction of the styrene to ethyl benzene. 

This tritJated styrene dissolved in the fully deuterated styrene - d e Is removed from the catalyst, polymer- 
isation inhibitor and other contaminants by vacuum distillation. 

1 ml aliquots of this material were added to the following:- 

a) 
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Terbium [DPMI* P fl ,B (see ExamniA a\ 




21.1 mg 


Butyl PBD (primary scintillant) 




100 mg 


Divinyl benzene (cross-linker) 




10 micro! itres 


A2BN catalyst for polymerisation 




1 mg 




- 1.5 curies 
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b) 
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Terbium [DPM] 3 P^B] (different batch to a) 




20 mg 


Divinyl benzene 






20 micro! itres 


AZBN 




1 mg 








- 8.0 curies 





c) 



Europium NTFA bipyridyl (see Example 3) 
Butyl PBD 
Divinyl benzene 
Triphenyl styryl lead 



- 8.0 curies 



20 mg 
100 mg 
20 microlitres 
5 mg 



spec^Sy^ 

e0»cT h l7h^rf On3 ***** ""^ nitr00en ' °° ntainera 8631041 and tho so,utiona at 

The polymer was allowed to cool to room temperature to yield dear polymer pieces 

tial J!!*™*T n * eaCh J PleCe i WaS measured ^ 8ha P'"a to a uniform size and shape in a mould and par- 
tially silvering by vapour deposition to guide the light out of one surface. 

m II! ^i 88 ™ 8peCtm (8e6 Fiflure 6 >- 8how9 that the europium chelate containing polymer piece emits light 
at - 614 rn.llim.cron (orange-red) and the terbium chelates at - 548 millimicrons (yellow-green) 

of th^ XI? ^TlL? ^ WOf ° Utput 8t 540 nm ("XP"*** in nW) against radioactive concentration (Ci/g) 
the polymer. The phosphor concentration was held constant at 120 mg/ml. The power output goes up more 
orless hnearly wrth increasing radioactive polymer concentration. At the higher concentratfoi^shown theoo£ 
styrene would have had a limited life due to radiation damage. »nown. ine pay 

EXAMPLES 

„ F S, U ™ 7 te 3 ° raph comparing efficiencies of various different light emitting sources, expressed aa power 
output (nW) against polymer radioactive concentration (Ci/g). In this graph:- 
Squares (line A) represent polymer sources as described in OB 2242908A. 
Erect triangles (line B) represent the formulation of Example 5b) 

^T^T^^ZZ* ,wmu,ations accoRlin9 to Exampte 2 — **■ a — «■ 

eoaTvTa^^ 

m,ZS% li^.T'lf!^ flraph * in Which tho ordinato ^ no* Power output but brightness expressed in 
nWtart*. of photodKKle. Performance of the Example 5b) formulation (B) is strikingly superior to that of the pre- 
vic^known polymer sources (A). Performance of the formulations (C) according to Example 2 is strikingly 
superior to the performance of all other sources including the commercially available gas source 
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EXAMPLE 7 



T ^nzo^methido)b i . ( diph W n W .p h o«p honimido ^ Dhenv , phn , p h ^ ne) europjum ,„ , Eu „ lfDBM1 „ 
A. Preparation of europium III W^dlbenzoylmethWe) (Eulll[DBM], 



pa 

© / \ 



I I 

Ph PA 



^.^^.nT 6 ' 100 mm0 ' 68, 22 43 gram8 ' < ax AWrich Chemical Co. Ltd.). m p 77 5-79-C) and 
sodium hydroxide 100 mmoles, 4 grams, were reacted together in 50% v/v etha nol wX 200 mT* £l 
torture to give a solution of the sodium salt of dZnzoy, methlde at ^£ZZZ?S> T 

disscTveo^^^ 

dissolved in 50 ml 50% mN ethanol:water at c.60°C. and to this was added with atirrinn 1« maib^iil^ 
ml of the solution of sodium dibenzoy. methlde prepared as aboT * " n °' e8, 36 

B. Pr^r^to^Eu™^^^^ ^ " "'^ 

. „f"" , ? BMls monohydmte mwt " 839-74. 2 mllllmoles. 1.68 grams and dlpnenyl-phosphonlmldo-trlDhe- 
ny. phosphorane m.wt 477.45. 4 mlHimoles. 1.91 gram, are melted together at WcSmaZ!^ 

mTto ^^T^ P,DdUCt * ,hen nottoTuene 15 milling anZZ c^ 

and y SSI «S P 2T* # 5° mi,,i,i,re9, to prec,pitote th6 COmp,ex "** » °* *W 

and weaned, y,e(d 3.1 grams, 86% of theory of 3.59 grams, m.wL 1776.64. 

pho.Th^w n c!ll U i rT n , tP T ,rt,# * 0,-ur ^ lum IB W«(«ll»snzoyl mathld.) and It. bta<dlphany. 
phoaphonlm.do-trlph.nyl pho^horana, darhratlv. prepared a. above ami incorporated Into poly- 

at75 E £Sl^ 

"lID^^^r^ ' hat " «^<™nt for concentration, the fluorescence from Eu- 

T^Z^ 2 ^" tyr8ne "** approximately 6.66 times more intense than that of EulllfDBMk 
J allowance were to be made for molar concentration then the ratio was 1 7.29 1 b " 

thouaht e to^Z^1^J?^ ton8 at m temperatUrB and a PP rox - -1*0°C of the same sample Is 
StheZret^^ ! 1 , W9r3y P ° PUlat,0n * the Wplet (n^urament at-140-C) with the 
^ns^md^^^^ ^ therebyindicatin 9 ^efficiency with which that enemy has been 
transferred to the lanthamde ton and emitted. On this basis: 
EulllIDBMJj shows an efficiency of 36%. 

^'^^T f \! hOWa rf 79.72%. Le. a 2.2 fold increase in efficiency, 

also been^S^? 8 S^T,'" Che ' ato8, name<y ^''PBMUDPTPfe and Smlll[DBM]JDPTP] have 
rt^lSl 1 thef0rmer0flhe8etW 8h °- fl ™«™» P-P-ties, fhe iatJr also 

EXAMPLE 8 



analogues of styrene were investigated as potential light emitting polymer matrices. 
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ample 



The monomers were pdymertaed (aa described in Example 2) with a fixed amount of compound (1) (Ex 
ile 1) hereinafter called ALP-1 at fixed radioactive concentration. The radioactivity was Introduced by pi- 



king' the monomer with small quantities of tritiated styrene (<10% v/v). The results are shown in Table 1. 



Stvrsne Artfilrmim 


Relative Light Outputs (Arbitrary Units) 




StvTAflA 

Wljl Ul ID 




100 


4-t-Butyfstyrene 




106 


4-Methylstyrene 




97 


2,4-Dlmethylstyrene 




88 


4-Methoxy8tyrene 




60 


2 f 4,6-Trimethyl3tyrene 




39 


4-Vinyf-biphenyt 




65 



Polymerisations carried out at 100°C. t-butyi peroxide initiator (1.5% w/v). 10% ALP w/v. 
EXAMPLE 9 

Some 1,3-dlketonates of terbium are shown In Table 2. Compounds (1) and (2) are available through com- 
mercial suppliers. Compound (3) Is a novel fluorescent chelate based on the llgand Imldotetraphenyldlphos- 
phinic acid (5). Their relative light outputs in tritiated polystyrene are shown in Table 2. 

The relative light outputs were determined using a standard luminometer with 2% w/v fluor in tritiated styr- 
ene at 100 jiCiAnl. Polymerisation carried out at 10O°C with t-butylperoxide initiator. 



ImkkXctraphenykliphosprilnto add 
(5) 



EXAMPLE 10 



Example 1 describes the compound ALP-1 which contains a Lewis base adduct In the form of dlphenyl- 
phosphonsnido triphenylphosphorane. This compound confers high solubility in styrene and high fluorescence 
efficiency on tris(2,2,6,6-tetramet hyl-3 ,5-heptanedionato) terbium (III) when adductod. Therefore, work was 
undertaken to vary the functionality of this phosphorane compound to investigate structure/fluorescence ef- 
ficiency relationships when adductod to terbium chelates. The relative light outputs were determined using a 
standard luminometer with 1 mmol/ml fluor in tritiated styrene 
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L _ 



10 



15 



20 



25 



30 



35 



40 



3iU*i Relative U&t Output of Some Terbium U-Dlkefoiute Chelate. 



45 




Compound Number Relative Lfcht Output 

(Arbitrary unite) 



(1) 



25 



(2) 



50 



(3) 



10 



100 



50 



55 



at 1 00 pCi/ml, polymerisation carried out at 100«C with t-butylperoxide initiator. The results are shown in Table 
a I" 8 COmpounda 8hown in TaWe 3 wore also incorporated in high radioactive concentration polystyrene, 
and showed the characteristic green emission of terbium fluorescence displayed by ALP-1. 
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EXAMPLE 11 



A more general investigation of other Lewis base adducta was carried out Adducts of tris(2,2,6 f 6- 
tetramethyl-3>heptanedk>nato)terbium (III) were prepared insihi during polymerisation. The relative light out- 
puts were determined using a standard luminometer with chelate:Lewis base (1:1) at 1 mmol/ml in styreno at 
100 uCi/ml. Polymerised at 100°C with t-butylperoxlde Initiator. The results are shown In Table 4. 

EXAMPLE 12 

A polymerisable phosphine oxide, p-styryldiphenyl phosphine oxide (1 2) was prepared and its adduct with 
tris(2,2,6,6-tetramethyi-3,5-heptanedionato)terbium (III) prepared in situ as described. Results were obtained 
for various f luor loadings and were shown to be essentially the same (up to a fluor concentration of 5% w/v) 
as for triphenyl phosphine oxide. 




(12) 
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55 
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